in a 25-item instrument named the Health Literacy Skills Instrument. Based on confirmatory factor analysis, the items were grouped into five subscales representing prose, document, quantitative, oral, and Internet-based information seeking skills. Construct validity was supported by correlations with the short form of the Test of Functional Health Literacy in Adults and self-reported skills. The overall instrument demonstrated good internal consistency, with a Cronbach's alpha of 0.86. Additional analyses are planned, with the goal of creating a short form of the instrument.
A number of instruments have been used to measure health literacy. Two of the most commonly used instruments include the Rapid Estimate of Adult Literacy in Medicine (REALM) (Davis et al., 1991) and the Test of Functional Health Literacy in Adults (TOFHLA) (Parker, Baker, Williams, & Nurss, 1995) . However, an important limitation of these instruments is that they measure reading ability or print literacy, and in the case of the TOFHLA, numeracy; they do not reflect a comprehensive assessment of health literacy (Berkman et al., 2004; IOM, 2009 ). Instruments also exist that attempt to screen patient health-literacy level in clinical settings (e.g., the Newest Vital Sign; Weiss et al., 2005) , measure provider-level facilitation of health literacy (e.g., Consumer Assessment of Health Providers and Systems [CAHPS] Item Set for Addressing Health Literacy; Agency for Healthcare Research and Quality, n.d.) , and assess health literacy using sociodemographic and geographic data elements (Paasche-Orlow, Schillinger, Greene, & Wagner, 2006) .
The Department of Education's 2003 National Assessment of Adult Literacy (NAAL) Survey is the only national assessment of literacy that includes some health literacy tasks (Kutner, Greenberg, Jin, & Paulsen, 2006) . Of the 28 health literacy tasks on the NAAL, 3 represented a clinical domain, 14 represented a prevention domain, and 11 items represented navigation of the health care system. The NAAL yields estimates of the distribution of levels of health literacy for various population groups. Though it overcomes some of the limitations of other measures, including a focus on assessing skills other than reading, the NAAL has been criticized for its lack of availability, lack of transparency, and challenges in using it (Weiss, 2009) .
In a landmark report, Health Literacy: A Prescription to End Confusion, the Institute of Medicine (IOM) recommended the development of new health literacy measures (Nielson-Bohlman, Panzer, & Kindig, 2004) . The IOM's Recommendation 2-2 calls for the development, testing, and use of culturally appropriate measures of health literacy and to field them as part of large ongoing population surveys. Parker & Kindig (2006) echoed the call for new measures by stating that ''new measures of health literacy must be developed and evaluated'' (p. 891), and the authors concluded that ''while progress [in the area of health literacy] is being made, the scope is not broad enough and the pace is not fast enough'' (p. 891). Baker (2006) also supported the need for more comprehensive measures.
This study aimed to advance the field by developing a more comprehensive measure of health literacy that is publicly available. Similar to other measures, this instrument, titled the Health Literacy Skills Instrument (HLSI), measures print literacy. However, it is innovative in that it also uses non-print stimuli and examines oral and Internet-based information seeking skills. In terms of content domains, it reflects health related issues across the life course for health promotion and disease prevention, health care maintenance and treatment, and health system navigation. The HLSI can be self-administered via a computer, which can reduce data collection costs and minimize potential discomfort or embarrassment among participants. The HLSI is designed to be used in intervention research studies as well as for large scale surveillance. This article describes the development of this novel instrument to measure individual level health literacy using a skills-based approach. We explain the instrument development and testing process and provide the results from a pilot test of the instrument, including how individual items performed as well as validation data. We also discuss policy implications, make recommendations for next steps, and address measurement considerations.
Instrument Development
Our core instrument development team included individuals with backgrounds in health communication, health services research, psychometrics, literacy, health literacy, plain language, cultural competency, and clinical medicine. We used Ratzan and Parker's (2000) definition of health literacy, with minor modifications to the wording: The degree to which individuals can obtain, process, understand, and communicate about health-related information needed to make informed health decisions. A group of eight health literacy expert panel members provided oversight and guidance, especially in the early developmental phases.
To develop the instrument, we adopted a hierarchical process. First, we identified skills to demonstrate and tasks to perform (see Table 1 ). Tasks were categorized into three skills set areas: print, oral, and Internet-based information seeking. We classified tasks as follows: identifying and understanding health-related text; interpreting information and=or data in the form of tables, charts, pictures, symbols, maps, and videos; completing computations; making inferences based on information presented or applying given information to a specific scenario; and information seeking and interactions on Internet websites.
Second, we selected health-related stimuli to enable an assessment of those skills and tasks. We sought diversity in the stimuli across three major health domains reflecting various points in the life course, during periods of health and illness: health promotion and disease prevention, heath care maintenance and treatment, and health system navigation (see Table 1 ). To the extent possible, we used the following inclusion criteria for stimuli selection: (a) relevant to the health of a large segment of the public (i.e., gender neutral; not specific to subgroups); (b) culturally sensitive; (c) clinically relevant and less controversial health topics; and (d) both public and private-sector materials in a variety of formats=channels, including print documents (e.g., brochure, newspaper article, fact sheet), telephone recording, video clip, and Web site. We chose stimuli that would take most participants about 1 minute to view or read. We used real-world stimuli, with a limited number of plain-language materials. Copyright approval or user permission was obtained for private-sector materials.
Third, we developed survey items. We attempted to map each survey item to a skill set area as well as a task. In some cases, a survey item could arguably fit into more than one skill and=or task. The initial version of the instrument included 38 items, with 1 to 2 survey items for each stimulus (example stimuli and survey items are shown in the Appendix). The survey items did not require prior or outside knowledge, that is, each question could be answered based only on the information in the stimulus. We sought to include items with varying levels of difficulty that were not contingent upon each other. To score an instrument, it is necessary to have a single correct response option and multiple incorrect response options or plausible ''distracters.'' We included three to four response options for most questions, with a ''don't know'' option. We were not able to measure speaking skills in this instrument. The 2003 version of the NAAL put health tasks into prose, document, or quantitative scales based on the following definitions, which we attempted to adhere to: The prose literacy scale measured the knowledge and skills needed to search, comprehend, and use information from texts that were organized in sentences or paragraphs. The document literacy scale measured the knowledge and skills needed to search, comprehend, and use information from non-continuous texts in various formats. The quantitative scale measured the knowledge and skills needed to identify and perform computations using numbers embedded in printed materials (Kutner et al., 2006) . Finally, we chose the mode of survey administration. To effectively view all of the stimuli and demonstrate the skills, we determined that the survey needed to be administered using a computer through either Web-based or in-person data collection.
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Nine in-person cognitive interviews were conducted using a laptop computer and with an interviewer present. Five males and four females participated ranging in age from 21 to 78 years (mean age is 42 years). Five participants had college degrees and four participants had less than this. Respondents completed the survey using the keyboard and mouse after viewing each stimulus on the screen. Despite an introduction at the beginning of each question instructing respondents to base their answers only on the information in the stimulus, some respondents tried to use prior knowledge or logic to answer questions. For example, respondents who were familiar with a given health topic sometimes answered questions based on their own experiences. In other cases, respondents used logic or common sense to answer a question. Respondents tended to have more difficulty answering a question that required making an inference, and when the wording in the survey question was not exactly the same as the wording in the stimulus. We revised the 38 items based on the cognitive testing results for use in the next phase of the study, which included pilot data collection.
Data Collection Methods

Sample and Setting
We pilot tested the instrument using KnowledgePanel 1 , created by Knowledge Networks, an online Non-Volunteer Access Panel. Potential panel members are chosen via a statistically valid sampling method and using known published sampling frames that cover 99% of the U.S. population. Address-Based Sampling (ABS), which is based on the U.S. Postal Service Delivery Sequence File, was used to select a probability sample of all U.S. households. This sample also comprises cell-phone households as well as non-Internet households. ABS is one of the most innovative means of obtaining nationally representative samples at minimum cost. Sampled non-Internet households are provided a laptop computer and free Internet service. KnowledgePanel consists of about 50,000 U.S. residents, aged 18 years or older, including persons of Hispanic origin that were selected probabilistically (for more information about the panel, see http://www.knowledgenetworks.com/knpanel/ index.html). Between October 7, 2009, and November 19, 2009, a total of 2,212 Knowledge Network panelists aged 18 or over were invited to participate in the survey. Respondents received $15 for completing the survey.
Other Measures
In addition to the 38 health-literacy items, we also administered the short-form of the Test of Functional Health Literacy in Adults (S-TOFHLA) (Wallace, 2006) . The TOFHLA and S-TOFHLA are timed reading comprehension tests that use the modified Cloze procedure, in which every 5th to 7th word in a passage is omitted and replaced with a blank space. The patient must select a word to fit into the blank spaces from the four multiple-choice options provided for each space. Baker, Williams, Parker, Gazmararian, and Nurss (1999) The overall correlation between the S-TOFHLA and the REALM was 0.80. For validation analyses, we also asked participants to self-report their performance on the kind of skills being assessed in the survey. Specifically, we asked how easy or difficult it is to remember information they read versus hear; how easy or difficult it is to understand information they read versus hear; and how easy or difficult it is to explain a health issue to their doctor, find health information they need, and locate health information on the Web. Responses for each of the seven items included very difficult=difficult=somewhat easy=very easy. Socio-demographic characteristics and selected health-related data on respondents were available from Knowledge Networks.
Hypotheses
We hypothesized that participants with higher education levels and those who reported less difficulty with skills related to health literacy would have higher scores on the instrument. Given the different focus of the S-TOFLHA and this new measure (e.g., reading comprehension versus skills-based), we hypothesized that the two instruments would be moderately correlated, with the highest correlations for the print-based skill sets (print-prose and print-document), which involve more reading.
Statistical Analysis
We assessed several psychometric properties of the health-literacy items, including the percentage of correct responses and the correlation between each item and the total score, excluding the item of interest. We also estimated two-parameter logistic item response theory (IRT) models, using the Multilog software program (Thissen, Chen, & Bock, 2003) . These models estimate a discrimination and threshold parameter for each item. The IRT discrimination parameter indicates how well the item distinguishes between persons with high versus low health literacy, as estimated based on the other items included on the scale. Ideally, items should have discrimination parameters of 1.0 or higher. The threshold indicates the difficulty of the item; items with larger thresholds are more difficult. We conducted higher order confirmatory factor analyses using the Mplus software program (Muthén & Muthén, 1998 -2007 to assess whether the items clustered into five first-order factors based on skill set areas (print-prose, print-document, print-quantitative, oral, and Internet-based information seeking), as well as a single overarching second-order factor representing health literacy. We examined several fit indices, including the comparative fit index (CFI), Tucker-Lewis fit index (TLI), and root mean square error of approximation (RMSEA), to determine the most appropriate factor model. Sampling strata and weights were incorporated into the analyses to account for the survey design.
Based on the psychometric properties, we reduced the item pool by removing items that performed less well. Specifically, items were candidates for removal if they had low item-total correlations, factor loadings, or IRT discrimination parameters and=or very high percentages correct, suggesting poor discrimination. Additionally, we reviewed the content of items with similar threshold parameters to determine if they were redundant and should be removed from the scale. Balancing the statistical Measuring Health Literacy 59 results with content validity considerations, we developed the final 25-item scale and computed scale scores as the percentage of items answered correctly.
To assess the construct validity of the scale, we conducted a series of analysis of variance (ANOVA) procedures to compare health-literacy scores by sociodemographic characteristics and participants' reports of their self-reported difficulty with various health-literacy-related skills. The latter items included a 4-point response scale ranging from very easy to very difficult, which was collapsed into easy versus difficult due to skewness of the response distribution. Further, we calculated the correlations between participants' scores on each of the four skill-set areas and the S-TOFHLA. Because no instruments have been validated for computer-based administration, few options were available from which to choose.
Finally, we investigated possible cut-points for classifying participants into three categories based on their health literacy levels: proficient, basic, and below basic. We conducted a series of receiver operating characteristic (ROC) analyses to determine which cut-points optimally distinguish participants based on their self-reported difficulty with understanding information they read and their highest level of educational achievement. For example, to determine the cut-point to distinguish proficient versus basic literacy, we compared persons who reported that understanding information they read is very easy with persons who reported that they find this task is not very easy (i.e., persons who respond somewhat easy, somewhat difficult, or very difficult). For each analysis, the cut-point was selected based on the point that maximizes the sum of sensitivity and specificity for distinguishing the two groups.
Results
Data Collection Results
Of the 2212 individuals sampled, 1559 panelists responded to the survey, for a completion rate of 71%. Among the respondents, 889 (57%) were able to see the test video and consented to complete the main survey. Because not all panelists agreed to complete the survey or to see the test video, the potential exists that survey estimates could be biased due to non-response and non-coverage, if not corrected. Therefore, the design-based sampling weights of study participants were adjusted upward to compensate for persons who failed to respond at both response levels, using a response propensity model-based approach. It took participants 45 minutes, on average, to complete the entire survey, which included the 38-item health literacy items, seven questions to self-report on one's health literacy skills, and the approximate 7-minute S-TOFHLA.
Participant Characteristics
The respondents were equally distributed across four age categories and about half were female (see Table 2 ). Respondents were categorized into three education-level groups: more than a high school education (n ¼ 316); a high school education (n ¼ 295); and less than a high school education (n ¼ 278). Among the 278 respondents in the lowest education-level group, one-fourth (n ¼ 77) had an 8th grade or lower education level. About two thirds of respondents were White, 13% were Black, 17% were Hispanic, and 6% classified themselves in to the ''other'' race=ethnicity category. 
Reliability and Validity of the Instrument
The health-literacy scale demonstrated good internal consistency, with a Cronbach's alpha of 0.86. The psychometric properties of the individual items are shown in Table 3 . The percentage of correct responses ranged from 24% to 91%. The higher order confirmatory factor analysis model fit well (CFI ¼ 0.95, TLI ¼ 0.98, and RMSEA ¼ 0.03). The factor loadings for the four skill-set area factors are shown in Table 2 ; the loadings of these four factors on the overall health literacy factor are as follows: print-prose (0.98), print-document (0.98), print-quantitative (0.95), oral (0.85), and Internet (0.81). Almost all items had factor loadings and item-total correlations of 0.40 or higher and IRT discrimination parameters of 1.00 or higher, indicating good discrimination. One exception is item 13, which differs somewhat from the other items in that it requires respondents to perform a mathematical calculation. It is also by far the most difficult item, with only 24% of respondents answering it correctly. This item was retained to ensure content validity of the scale by measuring quantitative skills, which are a component of health literacy. On average, respondents answered 70% of the items correctly. The comparisons by sociodemographic characteristics indicated that respondents with higher education levels, who were non-Hispanic White, who were married and employed had higher health-literacy scores relative to their counterparts; whereas respondents who were disabled had lower scores than respondents who were unemployed. Across all of the self-reported skill items, respondents who reported less difficulty with the skill had higher scores on the health-literacy scale. Respondents tended to Note: Factor loadings based on higher-order confirmatory factor analysis with four first-order factors and one second-order factor (CFI ¼ 0.95, TLI ¼ 0.98, RMSEA ¼ 0.03).
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perform less well on tasks that required higher level skills, including some mathematical manipulations and the application of information to a specific scenario. As hypothesized, correlations between the health literacy domains and S-TOFHLA were highest for the print-prose, print-document, and print-quantitative skill areas with correlations of 0.47, 0.45, and 0.41, respectively (Table 4 ). The correlations were much lower for the Internet and oral literacy domains, which require fewer reading skills (r ¼ 0.31 and r ¼ 0.27, respectively; Table 4 ). Together, the results of the mean comparisons and correlations support the construct validity of the instrument. Finally, the ROC analyses comparing the health-literacy scores to the categories for respondents' reporting difficulty understanding the information they read suggested a cut-point of 82 for distinguishing those who find the task very easy versus all others (sensitivity ¼ 0.63, specificity ¼ 0.67) and a cut-point of 70 for distinguishing among those who find the task easy versus difficult (i.e., very=somewhat easy vs. very=somewhat difficult) (sensitivity ¼ 0.71, specificity ¼ 0.65). Comparisons by education level indicated a cut-point of 82 for differentiating respondents with some college education versus no college education (sensitivity ¼ 0.61, specificity ¼ 0.72) and a cut-point of 74 for differentiating respondents with at least a high school education (i.e., high school or college) versus respondents with less than a high school education (sensitivity ¼ 0.66, specificity ¼ 0.68). Based on these analyses, we classified participants into three groups: proficient literacy (score !82), basic literacy (score of 70-81), and below basic literacy (score <70). In our sample, 40% of participants have proficient literacy, 22% have basic literacy, and 38% have below basic literacy.
Discussion
This new health-literacy instrument fills an existing gap in an important area of measurement, demonstrates robust psychometric properties, and is moderately correlated with an existing measure of literacy. Like the NAAL, it reflects a range of tasks and skills that adults are likely to face in their daily lives in the context of the U.S. health care system. Unlike the NAAL, however, this instrument measures the ability to obtain and use health information from print as well as non-print sources, which is more consistent with how people more typically receive their health information today. The mean score across the 25-item instrument was 70% correct. This is comparative with the NAAL, which aimed for a 67% probability of doing a task correctly (Kutner et al., 2006) . We advocate for measuring health literacy using a skills-based approach. With this as a priority for measurement, we used a computer-based data collection approach. This instrument is well suited for self-administered data collection via the Web and=or in-person data collection. Web-based data collection offers the advantages of cost and time efficiencies. The generalizability of Web-based data collection is increasing. An interviewer could be present with in-person data collection, and if an individual could not complete the survey on the computer, an alternate format could be administered, similar to an approach taken with the NAAL. Other modes of data collection are possible, but only for administering a subset of the items.
We identified a range of skills that individuals often need to monitor and manage their health in periods of health and illness. We included Internet information-seeking skills in the assessment, and given that a computer is required to complete the survey, some basic computer skills are needed unless an individual has assistance. Thus, one could argue that a person's health-literacy skills are contingent on or at least related to their computer skills. Being able to navigate search engines and websites has become increasingly important, as 75% of Americans use the Internet and, in 2008, 75% of these Internet users looked for health or medical information online (Pew Internet & American Life Project, 2009). The need for these skills will only increase as health-information technologies infiltrate the modern health care system, including the use of personal health records (PHRs).
Other methodological and conceptual issues are also worthy of consideration. The instrument uses real-world stimuli, as opposed to solely plain-languageapproved stimuli. Thus, survey items needed to use the terminology consistent with these stimuli, which drove up the reading level somewhat. We plan to revisit selected survey items following this pilot study and adjust the reading level if possible. This raises questions about the influence of materials in the current health care system on health literacy and its measurement. If a respondent answers a question incorrectly, does that mean his or her health-literacy skill is deficient, or is the stimulus deficient, or is it a combination of the two? We are currently examining scoring of the items as it relates to the complexity of the stimuli and the difficulty of the survey items. We also are exploring the use of fictitious diseases or conditions to better control for prior knowledge. Also, there is merit to considering whether or not the stimuli could be changed or updated over time.
There is growing recognition of the need to account for the demands of the public health and health care systems when measuring health literacy at the individual level (Baker, 2006) . In addition to increases in system-level demands, the expectations about consumers' roles and responsibilities as active participants in their health care are also expanding (McCormack, Treiman, Peinado, & Alexander, 2009; Olsen, Aisner, & McGinnis, 2007) . These expectations include taking proactive steps, such as obtaining recommended preventive health services, eating a healthy diet and getting regular physical activity, recognizing signs of illness and disease, self-managing chronic illnesses, and navigating the health insurance system (Hibbard, 2009 ). These real-world expectations assume that consumers will use valid and often complex information to support these behaviors. This expanded role for consumers may raise parameters for what constitutes health literacy. How much will the insurance company pay for the physical therapy received on 7=22=09? 
